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Pulse wave analysis based on Windkessel model  




Pulse wave is one of the most important indices which can be monitored noninvasively.  
Since the wave is controlled by the autonomic nervous system, it is dependent on various 
factors such as physical and mental conditions.  Here the theoretical background of the 
wave and several methods for measuring the optical signals in addition to our recent 
studies were provided.  Over 100 years ago, Otto Frank designed the Windkessel model of 
arterial circulatory system assumed to be the circuit contained a water pump connected to 
an air-chamber.  Many electrical circuits equivalent to the model were proposed.  The 
simplest model was a Resistor-Capacitor parallel circuit.  The analytical and numerical 
solutions were described in brief.  Innovation of the modern technologies permit us 
measuring the pulse wave remotely.  At present these methods are in the early stage 
applied for nonverbal communication tool as a welfare technology or in-vehicle system 
preventing drowsiness.  
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Fig.1  Windkessel model consisting of the air 
chamber and reservoir connected to syringe pump via 
two valves.  When the piston is pushed rightward 
from the original condition (A), air in chamber is 
compressed (B) and water flows out.  When the 
piston is pulled back (C), water keep flowing out 
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定常解と過渡解を得る．さらに解の連続性を考えて整理
する．抵抗に加わる電圧を新たに V(t)とすると， 
( ) 1 .
t








( ) ( ) 0.C CdV tRC V tdt + =   (3) 
 
Fig.3  Typical numerical solution of the electrical 
circuit equivalent to Windkessel model (A) in response 





Fig.4  Ventricular ejection curve INN(t) shown as a 


































拍出量関数の振幅を仮に A とすると 





  (5) 
とかける．１回拍出量（stroke volume, SV）は時間ゼロ













Fig.5  Typical response of blood pressure (A) to a 
single ventricular ejection (B) in the Windkessel 
model with parameters for healthy subjects.    
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明する．血圧（Blood pressure, P）は血液量（Blood 
volume, V）と動脈の柔らかさ（Arterial compliance, C）
から計算される． 










75 min-1, SV = 75 mL, SD =0.3 s, C = 1.25 mL/mmHg, 
R = 0.01778  mmHg/mL/min．血圧は少し低く P = 65 
mmHg に設定した．0.3 s の収縮期の間に血圧は 65 
mmHg から 110 mmHg ほどまで上昇した．拡張期に入
ると血圧は低下し続け，0.8 s の拡張期終了時点で 72 








Fig.6  Pressure pulse wave in response to ventricular 
ejection based on the Windkessel model with 
parameters for healthy subjects (A) and the actual 
photoplethysmograms which had the individual 






s のときに最大値 23.6 L/min に達した．この時間 t = 
SD/2 では(7)式より１秒当たりの拍出量piSV/2SD = 393 
mL である．これを１分当たりに換算した値が最大値で
ある．この値は１回心拍出量と心拍数の積である分時心























期値として血圧を少し低く 65 mmHg に設定したが脈拍
が進み 5 s で収縮期血圧 118 mmHg，拡張期血圧 78 
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